plays an essential role in tumor progression through stromal neovascularization in malignant solid tumors. Neuropilin (NRP) is considered to be the specific receptor for limited types of VEGF-A isoform, VEGF165. The clinicopathological implications of NRP are not well understood in colon cancer, while almost all colon cancers overexpressed VEGF-A. We examined the expression levels of NRP1 and NRP2 genes in 54 colon cancer cases and paired extraneoplastic tissue with quantitative real-time polymerase chain reaction. The gene expression levels of NRP1 in the tumor (0.431±0.583) were significantly decreased compared to those in the extraneoplastic tissue (0.754±0.799) (paired t-test, p=0.0208). On the other hand, the gene expression levels of NRP2 in the tumor (0.763±0.791) were not decreased compared to those in the extraneoplastic tissue (0.508±0.386) (paired t-test, p=0.0511). Twenty cases, with preserved expression of the NRP1 gene in the tumor, showed a better prognosis as compared to the 34 cases with decreased NRP1 expression (p=0.0258, log-rank test). No significant relationship was noted between NRP2 gene expression and prognosis. The results suggested that preserved NRP1 expression provides colon cancer patients with a better prognosis.
Introduction
Angiogenesis is regulated by complicated mechanisms involving various factors (1) . Vascular endothelial growth factor A (VEGF-A) is an important angiogenic factor in human solid tumors. Neuropilin (NRP) was known to be an isoformspecific receptor for VEGF165 (2, 3) , while the two best characterized VEGF receptors are termed VEGF receptor 1 (VEGFR1) and VEGF receptor 2 (VEGFR2). NRP was the first discovered neuronal cell guidance receptor of the collapsing/semaphorin family, and is a 130-140 kDa cellsurface glycoprotein. Two subtypes, NRP1 and NRP2, have been isolated and have highly similar structural features (4) . They also show differences in their interactions with semaphorins. There is an intimate interplay between NRP1 and NRP2 as neuron guidance factors (4) (5) (6) (7) (8) (9) (10) (11) . The human NRP1 locus is on chromosome 10 and NRP2 is on chromosome 2 (12) .
The detailed mechanism of metastasis is not clearly understood in colon cancer, and some patients with colon cancer die due to systemic metastases even after curative operation. Some have previously reported that NRP was overexpressed in tumor cells of certain cancers, and that the overexpression of NRP was associated with angiogenesis and prognosis in certain cancers (13) (14) (15) (16) . However, the expression and regulation of NRP in gastrointestinal malignancies, including colon cancer, have not been characterized. The interaction of NRP and VEGF-A is also unknown in colon cancer.
In this study, we examined the gene expression levels of NRP and VEGF-A in surgical specimens (tumor and paired extraneoplastic tissue samples) of colon cancer. We analyzed the relationship between NRP1/NRP2 gene expression and clinical prognosis of patients with colon cancer and we discussed the clinicopathological significance of NRP in colon cancer.
Patients and methods
Patients. Fifty-four colon cancer specimens were obtained at surgical resection from October 1989 to February 1998 with the patients' informed consent. Tissues were frozen and stored at -80˚C until analysis. Total cellular RNA was prepared from the frozen specimens by standard procedure. Surgical specimens were also processed for routine histopathological analysis to estimate the pathological stage. The 54 colon cancer specimens were comprised of 27 moderately differentiated, Gene expression. Total cellular RNA was prepared using an acid guanidinium thiocyanate-phenol-chloroform extraction (AGPC) method. Complementary DNA (cDNA) was synthesized from 1 μg of total RNA. Real-time quantitative PCR for NRP1, NRP2, VEGF-A and ß-actin mRNA was performed according to the manufacturer's recommendations and our previous reports (17) (18) (19) . The primers used were as follows: NRP-1 forward AAATGC GAATGGCTGATTCAG, reverse CTCCATCGAAGACTT CCACGTAGT, and probe TCAACCCTCACTTCGATTTG GAGGACA; NRP-2 forward CACCCTCTGAACTTCGTT CATCGACGG, reverse GGATGGCATTCCACATGTTG, and probe TGTGAAAGGTCAGGGAGAGGAT.
We used TaqMan ® Universal PCR Master Mix (PE Applied Biosystems, Foster City, CA 94404) for the real-time PCR. For the internal controls, ß-actin-probe-primer mixture for ß-actin mRNA was used (human ACTB, 4310881E, PE Applied Biosystems). Real-time PCR assays were run on an ABI PRISM 7000 Sequence Detection System with the following protocol: after initial denaturation (for 2 min at 50˚C and 10 min at 95˚C), amplification was performed with 50 cycles of 15 sec at 95˚C and 60 sec at 60˚C. All the samples were run in duplicate.
Statistical analysis. The paired t-test and Fisher's exact probability test were applied for comparisons between group frequencies. p<0.05 was considered significant. Differences in survival between subgroups of patients were compared by log-rank test, and survival curves were plotted according to the method of Kaplan-Meier. Data are shown as the mean ± standard error.
Results

Gene expression levels of NRP and VEGF-A.
We used HCT8 (human colon carcinoma cell line) as the standard. The gene expression levels of NRP1, NRP2, VEGF-A and VEGF165 are summarized in Table I . The gene expression levels of NRP1 were 0.019-3.313 (0.431±0.583) in the tumor and 0.008-3.228 (0.754±0.799) in the extraneoplastic tissue respectively. The gene expression levels of NRP2 were 0.089-4.882 (0.763±0.791) in the tumor and 0.094-1.784 (0.508±0.386) in the extraneoplastic tissue. The NRP1 gene expression in the tumor was significantly decreased compared with that in the extraneoplastic tissue (paired t-test, p=0.0208), and the NRP2 expression gene in the tumor was not decreased compared with that in the extraneoplastic tissue (paired t-test p=0.0511). There was no significant relationship between the gene expression of NRP1 and NRP2.
The gene expression levels of VEGF-A were 0.452±0.248 in the tumor and 0.232±0.162 in the extraneoplastic tissue. The gene expression levels of VEGF165 were 0.161±0.098 in the tumor and 0.093±0.109 in the extraneoplastic tissue. The expression levels of VEGF-A and VEGF165 genes in Table I . Gene expression in colon cancer. Table II . Associations between NRP and VEGF-A in colon cancer. ---------------------------------------------- 
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the tumor were significantly higher than those in the paired extraneoplastic tissue (paired t-test, p<0.0001 and p=0.0002 respectively). The gene expression of NRP2 was correlated with VEGF-A (p=0.0275 Fisher's exact probability test), while no significant relationship was noted between the gene expression of NRP1 and VEGF-A or VEGF165 (Tables II  and III) .
Clinical implications of NRP expression.
We evaluated the NRP gene expression in cancerous tissue as compared to extraneoplastic tissue. Twenty cases showed a higher expression level of the NRP1 gene in the cancerous tissue than in the extraneoplastic tissue, including 6 remarkably overexpressing cases (more than 5 times the expression in the cancerous tissue). The other 34 cases showed decreased expression of the NRP1 gene in the cancerous tissue compared with the extraneoplastic tissue, including 5 severely decreased cases (less than one-tenth the expression in the cancerous tissue). The 20 cases with higher NRP1 gene expression significantly revealed a better prognosis than the other 34 cases (p=0.0258, log-rank test, Fig. 1A) .
Thirty cases showed a higher expression level of the NRP2 gene in the cancerous tissue compared with the extraneoplastic tissue, including 6 severely increased cases (more than 5 times the expression in the cancerous tissue). The other 24 cases showed a decreased expression of the NRP2 gene, including 1 severely decreased cases (less than one-tenth the expression in the cancerous tissue). There was no significant relationship between the NRP2 expression and prognosis (Fig. 1B) .
The relationship between NRP1 gene expression and the other clinicopathological features in colon cancer are summarized in Table IV . There was no significant relationship between NRP1 expression and the other factors.
Discussion
We examined the expression levels of NRP1 and NRP2 genes in 54 colonic cancer cases (tumor and paired extraneoplastic tissue) by quantitative real-time PCR. The NRP1 gene expression in cancerous tissue decreased significantly compared with paired extraneoplastic tissue, while the NRP2 gene expression was not decreased in cancerous tissue. The cases with preserved NRP1 expression showed significantly better prognoses than the others, while no significant relationship was noted between NRP2 gene expression and prognosis. The results suggest that preserved NRP1 expression provides colonic cancer patients with better prognoses.
NRP1 was co-receptor for VEGF165 and was expressed in several types of cancerous cells, such as breast and prostate cancer cells (2) . We and others previously reported that NRP overexpression in cancer was associated with angiogenesis and poor prognosis in patients with osteosarcoma, non-small-cell , log-rank test) . B, no significant difference was noted in the prognosis between the group of increased NRP2 expression (solid line, n=30) and the others (broken line, n=24). Table IV . Univariate analysis between NRP1 gene expression and clinicopathological features in colon cancer. 
lung cancer, glioblastoma and prostate carcinoma (13) (14) (15) (16) . However, this study showed that preserved NRP1 expression provides colon cancer patients with better prognoses.
Parikh et al reported that NRP1 was expressed in all 20 human colon adenocarcinoma specimens but not in extraneoplastic tissue using immunohistochemistry and in situ hybridization with frozen sections (26). They did not examine the expression of NRP1 mRNA in the specimens of colon cancer and normal colonic mucosa, while they showed that NRP1 mRNA was expressed in colon adenocarcinoma cell lines by reverse transcriptase-PCR assay. We demonstrated that NRP1 expression was decreased in the tumor compared to the paired extraneoplastic tissue in colon cancer, and that NRP2 expression was not decreased in the tumor using realtime PCR.
In this study, the gene expression of NRP2 was correlated with VEGF-A, while no significant relationship was noted between NRP2 expression and prognosis. Previously, we reported that VEGF189 is closely related to liver metastasis and prognosis in colon cancer (27) . Akagi et al reported that activation of the epidermal growth factor receptor may contribute to gastric cancer angiogenesis by a mechanism that involves the upregulation of VEGF-A and NRP1 expression via multiple signaling pathways (28) . However, they also reported that VEGF165 had no effect on cell growth in NRP1-positive gastric cancer cell lines. These results suggest that VEGF165 is not a key factor for angiogenesis in gastrointestinal cancer such as colon cancer and gastric cancer.
Inhibitors of VEGF-A may have an impact on the growth and metastasis of colon cancer. One of the most effective ways to block the VEGF-signaling pathway is known to prevent VEGF-A from binding to its normal receptors by administering decoy-soluble receptors (20) (21) (22) . The relevance of this strategy to the treatment of colorectal cancer was first successfully demonstrated in human clinical trials using a monoclonal antibody against VEGF-A (23,24). A potent antiangiogenic soluble recombinant decoy, VEGF Trap, is a protein constructed from VEGF receptor-binding domains linked to an immunoglobulin G constant region (22) . VEGF Trap has demonstrated a marked efficacy in halting angiogenesis and shrinking tumors in preclinical animal models and is currently being studied in phase I clinical trials in humans with advanced solid malignancies (25) . In this study, the patients with colon cancer preserving NRP1 expression showed better prognoses. The results suggest the possible neutralizing activity of NRP1 as the decoy receptor for VEGF-A. In conclusion, the preserved expression of NRP1 might contribute to better prognoses in colonic cancer via its function as a decoy receptor.
